The Middle East, the cradle of viticulture and wine production, is gradually but steadily becoming hotter and drier because of climate change (CC). In the current study, we evaluated the effect of 
INTRODUCTION
The Middle East, the cradle of viticulture and wine production, is gradually but steadily becoming hotter because of climate change (CC) (Evans ; Lelieveld et al. ) .
Heat extremes are expected to increase with the maximum temperature during the hottest days reaching 50 C by the end of the century under the business as usual scenario (Radiative Concentration Pathway, RCP, 8.5), which means radiative forcing in the Earth's atmosphere þ8.5 W/m 2 in the year 2100 relative to pre-industrial soil management is the most important practice that may influence water availability to grapevines (Steenwerth et al. ) . In the last 20 years, the use of no tillage systems in vineyards has gained increasing attention because of benefits in reducing soil erosion (Novara et al. ) , lowering dust generation (Baker et al. ) , managing global warming potential (Wolff et al. ) , and providing biological control services (Daane et al. ) .
Tillage affects soil's physical and chemical properties such as micro-and macro-pore distribution that determine air, water, and heat transfer processes in the root zone. Moreover, tillage affects the concentration and decomposition rate of organic matter which determines the microbiological activity in the soil, which is crucial for vine nutrition (Pérez-Bermúdez et al. ). Tillage as well as irrigation is also very important for nutrient uptake (e.g., N, P, K, Mg)
by the vines (Keller ) . Tillage at an increased depth (e.g., 25 cm) in early spring could reduce the available water for the vine by exposing deeper and more wet soil zones to more sun radiation which increases evaporation losses. On the other hand, surface tillage (0-10 cm) in hot months could disrupt the continuity of micropores resulting in reduced movement of soil water to the surface, due to the effect on capillary fringe (Beis & Patakas ) . Cyprus has the oldest wine tradition in the Mediterranean area, with more than 5,500 years of wine production. 
MATERIALS AND METHODS

Plant material and treatments
The 11-year-old own-rooted grapevines (Vitis vinifera L. cv. Figure S1 , available with the online version of this paper).
All plants were trained in a traditional bilateral 'royat' and for the content of total flavonoids as rutin equivalents
.
Plant nutrient content analysis
The mineral content in leaves was measured at flowering 
Qualitative attributes
Sampling of berries
Berries were collected at harvest in nylon bags (100 berries from each of the four plots/treatment), when sugar concentration reached c. 24 Brix. In the field, samples were kept in ice to prevent dehydration. In the laboratory, berries from all treatments were weighted and then either used for measurements or were frozen and conserved at À20 C until analysis. 
Ascorbic acid content
Ascorbic acid content was determined by the 2,6-dichloroindophenol titration method according to Deng et al.
() and results were expressed as mg of ascorbic acid per 100 mL of grape juice (mg of AA 100 mL À1 grape juice).
Polyphenols, anthocyanins, and tannins in berries
Polyphenols and anthocyanins were extracted by a modified method described by Du et al. () . Fresh grapes were homogenized with 80% acetone and extraction was assisted with an ice sonication water bath for 10 min.
Samples were centrifuged at 4,000 g at 4 C for 15 min and supernatants were stored at À20 C until use for analysis of total phenolics and anthocyanins. Total phenolic content was measured as described above and results
were expressed as equivalents of gallic acid per g of fresh weight (mg of GAE g À1 Fwt). The total anthocyanin content of the grape extract was determined with the pH differential method at 520 and 700 nm according to Du 
Statistical methods
Statistical analysis was performed using IBM SPSS version 22 comparing using one-way analysis of variance (ANOVA) and Duncan's multiple range tests for comparisons of treatment means at P < 0.05. Measurements were done in four biological replications/treatment (each replication consisted of a poll of three individual measures/samples).
RESULTS
Biomass production from cover crop
The weed soil cover was 68.7% and the main species were from Poaceae (Aegilops sp., Bromus sp.), Asteraceae (Sonchus sp.), Malvaceae (Malva sp.), Fabaceae (Medicago sp.), and Brassicaceae (Hirschfeldia incana, Capsella bursa-pastoris, Hirschfeldia incana). Total biomass yield was 806.9 g m À2 for cover crop with a 40% dry matter content. Organic matter content was almost 93% and the content of total nitrogen was 11.8 g kg À1 .
Plant growth and physiology
Grapevine yield was increased (almost doubled) with irrigation for tillage cultural practice, and this increase was related mainly to the increased fresh weight of each cluster rather than the number of clusters produced (Table 1 ).
In 
Quality attributes
The effects of the four treatments on quality attributes of grape juice are shown in Table 2 . TSS increased in the no irrigation/no tillage treatment compared to irrigation/ tillage and irrigation/no tillage. The content of total phenols increased with tillage application compared with Therefore, less Mg in the leaves might result in reduced No irrigation No tillage 24.07 ± 0.38a 0.635 ± 0.028a 3.11 ± 0.04ab 0.81 ± 0.17a 5.33 ± 0.09b 90.25 ± 1.50a 43.49 ± 8.91b Tillage 22.37 ± 0.22b 0.636 ± 0.014a 3.14 ± 0.03ab 1.19 ± 0.32a 5.81 ± 0.09a 81.11 ± 4.49b 33.82 ± 2.16bc
Irrigation No Tillage 20.50 ± 0.18c 0.646 ± 0.023a 3.05 ± 0.04b 1.02 ± 0.33a 4.09 ± 0.11c 62.01 ± 2.79c 66.04 ± 4.61a Tillage 22.85 ± 0.75ab 0.664 ± 0.028a 3.17 ± 0.02a 1.26 ± 0.17a 5.92 ± 0.18a 47.52 ± 0.35d 19.33 ± 3.52c
Values (n ¼ 4) in columns followed by the same letter are not significantly different. P 0.05 according to Duncan's multiple range tests. (Table 2) . Anthocyanin concentration is affected by environmental factors and biotic stresses and in the case of water stress their concentration can increase (Deis & Cavagnaro ) . The trend was captured in our results for Maratheftiko. Anthocyanins were significantly higher in berries in the absence of either irrigation or tillage ( Table 2 ). The increased TSS and anthocyanins and the decreased tannins' levels in the absence of irrigation and tillage suggest a speed up of metabolism related to berry ripening/maturation. During drought incidents, skin growth itself can be inhibited which could alter the proportion of skin and seeds to total berry weight, which determines tannins' concentration in the juice.
Accordingly, in our study, irrigation and tillage significantly decreased tannins in the grape juice, leading to lower juice quality. Irrigation and cover cropping resulted in lower juice pH and no significant differences were observed in the content of ascorbic acid and in titratable acidity. As the projections for climate change in Cyprus indicate more frequent and severe drought, which has already resulted in reduced water availability for farmers in 2017-2018, it is possible that no irrigation will be more common in viticulture. In this case, no tillage might be useful as it leads to higher tannins' concentration in the Maratheftiko grape juice in comparison to tillage, which is important for the making of higher quality wines.
CONCLUSIONS
In this research, the effect of irrigation in combination with tillage was examined in the native Maratheftiko red cultivar.
We showed that for the indigenous Maratheftiko variety, the implementation of no irrigation/no tillage systems might aid in adapting to climate change, since the irrigation/no tillage application did not increase yields. In addition to buffering 
